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Specification 

1 . Title of the Invention 

THIN FILM LIGHTT-EMITTING ELEMENT AND MANUFACTURING METHOD 
5 THEREOF 

2. Scope of Claim 

(1) A thin fibn light-emitting element characterized by comprising at least one or more 
light-emitting layer interposed between a pair of electrodes at least either of which is 
transparent, wherein at least one light-emitting layer is one in which at least one kind of 

10 fluorescent organic molecule is dispersed into metal oxide or metal sulfide. 

(2) A manufacturing method of a thin fihn light-emitting element including at least one 
or more light-emitting layer interposed between a pair of electrodes at least either of 
which is transparent, characterized in that at least one light-emitting layer is formed by 
mixing a solution containing at least one kind of metal alkoxide, metal acetylacetonate, 

15 or metal carboxylate with a solution containing at least one kind of fluorescence organic 
molecule, and then applying the mixed solution on a substrate to form a fihn. 

3. Detailed Description of the invention 
[Industrial Field of the Invention] 

The present invention relates to a thin film light-emitting element used for a 
20 planar light source and a display, and a manufacturing method thereof. 
[Related Art] 

An EL (electroluminescent) element a material of which is an organic substance 
has attracted attention as an element for realizing an inexpensive, large area, and fitai-like 
full color display element due to an ample number of materials and a synthesis technique 
25 at molecular level. For example, a condensed polycyclic aromatic compound based 
material such as anthracene or perylene is used for manufacturing a direct current 
organic thin film light-emitting element which is thinned by an LB method, a vacuum 
vapor deposition method, or the like and the light emitting characteristic has been 
studied. 

30 Further, a new type organic thin film light-emitting element which has 
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two-layered structure in the organic thin film has been reported, which has attracted a 
keen interest (see Applied Physics Letters, volume 51, p. 913, 1987). According to the 
report, as shown in FIG. 2, it is disclosed that a metal chelate compound which strongly 
fluoresces is used for an organic fluorescence thin film layer 24 and an amine based 

5 material is used for an organic hole injection layer 23 which is a hole conductive 
organic material, thereby bright green light emission is obtained. Luminance of 
several 100 cd/m^ has been obtained by direct current application of 6-7 V. Moreover, 
the maximum luminance efficiency is 1.5 Im/W, which is a performance close to a 
practical level. 

10 [Problems to be solved by the invention] 

As previously mentioned, the new organic thin fibn light-emitting element in 
which the two-stacked layer of the organic fluorescence thin film layer 24 and the 
organic hole injection layer 23 shows bright green emission of 1000 cd/m? or more at a 
maximum light emission luminance. However, concerning an organic thin film 

15 light-emitting element which emits multicolor, development of a new organic 
fluorescence thin film (see Japanese Joumal of Applied Physics, volume 27, L p.269, 
1988), addition of other organic coloring matters (see Proceedings of the Fourth 
International Electroluminescence Workshop, p.l24, 1988), or the like has been 
attempted, light emission other than green, including blue light emission is not on 

20 satisfaction level in terms of luminance level, light-emitting efficiency, and the like. 

Further, in an organic thin fikn light-emitting element which has been 
conventionally used, as the time of voltage application gets longer a voltage-light 
emission characteristic of the element markedly shifts to a high-voltage side so that light 
emission luminance has reduced in low voltage driving. This partly resulted fi-om 

25 large variation in electrical characteristics of an organic thin fikn which formed the 
organic thin film light-emitting element. In addition, vicious circle was observed that 
when a driving voltage was increased to compensate for reduction in light emission 
luminance, electric power loss (joule heat) was increased, and accordingly, deterioration 
rate of light emission luminance was further accelerated. 

30 The present invention is aimed at solving the conventional problems mentioned 
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above. An object of the present invention is to provide a thin fihn light-emitting 
element which further improves light-emitting efficiency of an element and reduces 
deterioration rate together with diversification in emission color, and a manufacturing 
method thereof 

5 [Means for Solving the Problem] 

The present invention is directed to a thin film light-emitting element 
characterized by comprising at least one light-emitting layer interposed between a pair 
of electrodes at least either of which is transparent, wherein at least one or more 
light-emitting layer is one in which at least one kind of fluorescent organic molecule is 

10 dispersed into metal oxide or metal sulfide. Moreover, a manufacturing method of the 
thin film light-emitting element including at least one light-emitting layer interposed 
between a pair of electtodes at least either of which is transparent characterized in that 
at least one light-emitting layer is formed by mixing a solution containing at least one 
kind of metal aUcoxide, metal acetylacetonate, or metal carboxylate with a solution 

15 containing at least one kind of fluorescence organic molecule, and then applying the 
mixed solution on a substrate to form a film. 
[Operation] 

The organic thin film light-emitting element has a characteristic such that a 
highly efBcient light-emitting layer or a light-emitting center can be selected or 

20 synthesized fi-om a wide range of organic materials. However, in a case where vacuum 
vapor deposition as in a conventional light-emitting element manufacture is employed, 
there are not many organic materials having a suitable steam pressure under high 
vacuum at the present time. In particular, when steam pressures in organic materials 
were made high, marked reduction in fluorescence quantum efficiency of the materials 

25 was often observed. The higher fluorescence quantum efficiency of organic molecules 
are used, the higher light-emitting efficiency of organic thin fihn Hght-emitting elements 
becomes, however there are a few organic materials which can be formed by 
conventional deposition and satisfy such conditions. It has been exttemely difficult to 
obtain materials which satisfy condition such that materials are organic materials having 

30 suitable steam pressures and high fluorescence quantum efficiency, while it is most 
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significant in order to realize multicolor and highly efficiency of elements. 

Furthermore, there are a few organic materials, a;t the present time, showing a 
stable electrical characteristic under serious conditions of high electric field and high 
current driving. 

5 From the results of development research on thin film light-emitting elements 

in which molecules having high fluorescence efficiency are dispersed into inorganic 
materials showing a stable electrical characteristic, it was found that fluorescence layers 
in which at least one kind of fluorescence organic molecule is dispersed into metal 
oxide or metal sulfide attain good results. 

10 A light emitting-layer formed of metal oxide to which organic fluorescence 

molecules are added can be manufactured by so-called sol-gel processing in which a 
solution containing at least one kind of metal alkoxide, metal acetylacetonate, or metal 
carboxylate is mixed with a solution containing at least one or more kind of 
fluorescence organic molecule, and then applied to form a fihn. In addition, when a 

15 drying process after application is performed under a hydrogen sulfide (H2S) 
atmosphere, a light-emitting layer formed of metal sulfide can be obtained. 

The selecting standard of inorganic materials which hold fluorescence organic 
molecules is that ground and excitation levels of fluorescence organic molecules are 
within band gaps of the materials. This is because in order to effectively excite 

20 fluorescence organic molecules. Further, to prevent deterioration in properly of 
organic materials which are dispersed, a temperature of film formation process should 
be equal to or lower than 250 °C. Metal oxide or metal sulfide which is obtained fi-om 
the above materials can satisfy these conditions. 

According to this invention, a resist process for light" emitting layers which is 

25 essential for manufacturing display devices with use of thin film light-emitting elements 
. can be performed. 

Furthermore, the present invention makes it possible to easily mix various 
fluorescence organic molecules and to easily design multicolor emission. That is, 
organic materials which strongly fluoresce such as anthracene or pylene which are 
30 difficult to be formed into films by vacuum vapor deposition conventionally used to 
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manufacture elements can be added, thereby strong blue light-emitting element is 
realized. Moreover, in the present invention, for example, red light emission can be 
obtained by using a light-emitting layer formed by adding a solvent in which rhodamine 
6G of 10'^ mol is mixed with aluminum quinolinol complex. The additive amount can 
5 be easily controlled with accurate reproductivity. 
[Embodiment] 

Next, embodiments of the present invention will be described in details. 
Embodiment 1 

FIG 1 is a cross-sectional view of the thin film light-emitting element obtained 

10 from an embodiment of the present invention. As shown in the figure, an ITO 
transparent electrode 2 was formed on a glass substrate 1, and then an organic hole 
injection layer 3 formed of polysilylene in which approximately 40 wt. % of 
iViA'',iV',A'''-tetraphenyl-4,4'-diaminolbiphenyl is mixed into approximately 60 wt. % of 
poly (methylphenylsilylene) was formed with 1500 A by a dip coating method using a 

15 toluene solvent. After the organic hole injection layer 3 was sufficiently dried, a 
solvent in which Si (OC2H5)4was dissolved into a water-alcohol based solution with a 
ratio of 1 to 4 was made. Into this solvent, approxunately 40 wt. % of 
tris(8-hydroxyquinoline)aluminum was mixed as an organic fluorescence and 
sufBciently stirred. After that, the glass substrate was dipped into this solution and 

20 slowly pulled up so that a light-emitting layer 4 could be formed. The film thickness 
after dry was approximately 800 A. Finally, a back metal electrode 5 which is an alloy 
of Mg and Ag mixed with a ratio of 10 to 1 was formed with 1500 A by electron beam 
deposition. Thus, the thin film light-emitting element was completed. 

When a light-emitting characteristic of this element was measured under dry 

25 nitrogen, green light emission of 300 cd/m^ could be obtained by application of 
approximately 8 V direct current. Compared to the conventional element, it was found 
that light emission luminance and efficiency was improved 2~5 times. When an aging 
experiment was performed on this thin fihn light-emitting element with a current 
density of 0.5 mA/cm^, time to half luminance was more than 1000 hours. Since in the 

30 conventional element, time to half lummance was 100~300 hours, this element has 
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considerably improved reliability. A shift in an electrical characteristic was 
approximately 5V, which has more considerably reduced than that of the conventional 
ones. 

Although in this embodiment tris(8-hydroxyquinoline)aluminum organic 
5 fluorescence was used, similar effect was observed using other organic materials such as 
anthracene, pyrene, tetracene, stilbene, perylene, quinone, phenanthrene, or naphthalene 
derivative. Moreover, other organic molecules of approximately 10'^~10'^mol, which 
strongly fluoresce, such as rhodamine, cyanine, pyran, coumarin, fluorene, or POPOP 
can be added into tibds organic fluorescence, and various light emission colors can be 
10 obtained. A transparent electrode may be ZnO:Al, Sn02:Sb, Au, or the like besides 
ITO. 

Embodiment 2 

In manufacturing a film of TiOa, ZnO, and VOx by sol-gel processing, adding 
tris(8-hydroxyquinoline)aluminum to form the light-emitting layer 4 in Embodiment 1 
15 allows formation of an excellent thin film light-emitting element. Table 1 shows 
materials used in fibn formation. 



Table-1 





Ti(OCH3)4 




Ti(OC2H5)4 




Ti(0-i-C3H7)4 


Ti02 


Ti(0-n-C3H7)4 




Ti(0-n-C4H9)4 




Ti(0-i-C4H9)4 




Ti(0-sec-C4H9)4 




Ti(0-t-C4H9)4 




Zn(OC2H5)2 


ZnO 


Zn(OCH3)2 




Zn(0-n-C3H7)2 




Zn(0-n-C4H9)2 
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VO(OCH3)3 




VO(0-i-C3H7)3 




VO(0-n-C3H7)3 


VOx 


VO(0-i-C4H9)3 




VO(0-n-C4H9)3 




VO(0-sec-C4H9)3 




VO(0-t-C4H9)3 



Note that in a case of using the light-emitting layer 4 which is formed such that 
TiOa, ZnO, VOx, and SiOx are mixed as appropriate, aad organic molecules such as 
anthracene, pyrene, tetracene, stilbene, perylene, quinone, phenanthrene, or naphthalene 
derivative are added thereto, an excellent thin .fihn light-emitting element could be 
5 obtained. In addition, as further additional organic molecules, derivatives such as 
coumarin or fluorine could be used. 
Embodiment 3 

Even though the light-emitting layer 4 was formed as in Embodiment 1 except 
using a solution containing zinc acetylacetonato (Zn(COCH2COCH3)2 instead of a 
10 solution of Si(OC2H5)4 in Embodiment 1, an excellent thia film light-emitting element 
could be formed. 

Moreover, even though the light-emitting layer 4 was formed such that other 
substances such as acetylacetonato or Cu(CH3COO)2 were used, an excellent thin film 
light-emitting element could be manufactured. 
15 Embodiment 4 

The organic hole injection layer 3 was formed such that metal-free 
phthalocyanine was deposited with 200 A over the glass substrate 1 to which an ITO 
transparent electrode 2 was attached. After that, this glass substrate was dipped into a 
solution containing zinc acetylacetonato which was used in Embodiment 3, and dried 
20 under an atooiosphere of hydrogen sulfide (H2S) at 150 °C. This recognizes reduction 
in a threshold voltage for emission as well as part of the light-emitting layer 4 turned 
into a hydrogen sulfide and also recognizes improvement in light emission luminance. 
In this way, even though H2S was used and the light-emitting layer was sulfide during a 
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process for drying the light-emitting layer 4, an excellent thin film light-emitting 
element could be manufactured. 

In the foregoing manner, an important point of the present invention- is that a 
manufacturing method of a thin film light-emitting element characterized in that at least 
5 one transparent light-transmitting layer is formed by mixing a solution containing at 
least one kind of metal alkoxide, metal acetylacetonato, or metal carboxylate with a- 
solution containing fluorescence organic molecules, and applying it to form a film. 
Materials which construct elements themselves are not limited. 
[Effect of the Invention] 
10 As described above, according to the present invention, a thin film 

light-emitting element emitting multicolor light which is considerably unproved in a 
light emission characteristic and reliability, and a manufacturing method thereof are 
provided. 

Effects obtained from the present invention are described in details as follows; 
15 ® A thin film light-emitting element which emits multicolor light including blue is- 
provided. 

(2) Organic molecules having high fluorescence efficiency (for example, anthracene) 

which has been conventionally difficult to manufactured by vacuum vapor deposition 

can be added. Thereby element light-emitting efficiency has been improved. Asa 
20 result, heat resulting from low light-emitting efficiency, and accelerated deterioration in 

element characteristic resulting from the heat can be reduced. 

© A resist process is possible, thus a display can be easily made. 

In this way, the present invention makes it possible to provide a light-emitting 

element with low voltage direct current driving of a practical level, and a manufacturing 
25 method thereof The present invention is of high industrial value. 

4. Brief Description of the Drawings 

FIG 1 is a cross-sectional view of the thin fihn light-emitting element obtained 

from an embodiment of the present invention, and FIG 2 is a cross-sectional view of the 

conventional organic thin fihn light-emitting element. 
30 1 , 2 1 ■ ■ ■ glass substrate 
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2, 22""ITO transparent electrode 
3, 23 ■■■organic hole injection layer 
4^ • ■ light-emitting layer 
5, 25 • ■ "back electrode 
5 24' "Organic fluorescence thin film layer 

Representative: Chieko TATENO (patent attorney) 
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T i 02 


Ti (OCH3 )a 
T i (OC2 Hs )a 
Ti (0-i-C3 H7 )4 
T i (O-n-Ca Hy )a 
T i (0-n-G4 H9 )4 
Ti (0-i-G4 H9 )a 
T 1 (0-sec-G4 H9 )a 
Ti (0-t-C4 H9 )4 


ZnO 


Zn (OG? Hs ) 2 
Zn {OGH3 ) 2 
Zn (0-n-G3 Hy ) 2 
Zn (0-n-G4 Hs ) 2 




VO (OGI Is ) 3 
VO (0-i-G3 Hy )3 
VO (0-n-G3 Hy ) 3 
VO (0-i-G4 H9 ) 3 
VO (0-n-G4 Hs )3 
VO (0-sec-C4 Hs )3 
VO (0-t-G4 Hs ) 3 
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